Tlhe variability of repeated house dust mite (HDM) allergen determinations at the same site within 3-24 months was evaluated on previously collected samples. Between two and four repeated measurements of Der p 1, a major allergen of Dermatophagoidespteronyssinus and Der f 1, a major allergen of D. farinae, on 46 carpets and 31 mattresses were analyzed. In 90% of carpets and mattresses, HDM allergen concentrations were cinically relevant (at least one measurement >0.1 pg Der p 1 + Der f l/g dust). The coefficients ofvariation (CVs) for allergen concentrations in repeated samples over time (55.3-82.0% for the two allergens in beds and carpets) were clearly greater than the CVs for multiple samples collected at the same time (4.0-32.6%). Determination ofallergen mass per square meter of surface instead of concentration per gram of dust resulted in an even greater There are some other considerations of practical relevance that have not been addressed so far. First, the Australian study measured variability in 2-week intervals. This design might fail to detect long-term variations of exposure. Second, the allergen concentration in sampled dust might be massively "diluted" with allergen-free dirt from outside. Is the total sampled mass of allergen a measure of less variability? Finally, can the reliability be improved if sampling is always done by the same trained field worker rather than by residents following written instructions?
Some studies have shown that exposure to house dust mite (HDM) allergens at home is associated with prevalence of allergic sensitization (1) (2) (3) and asthma (4, 5) in susceptible children, but others did not (6, 7) . The reliability of the determination of indoor exposure to these allergens has not been investigated extensively. Marks and co-workers (8) calculated that threefold above and below a result was the range within which the true value lies with 95% certainty. The authors referred to 117 duplicate determinations of Der p 1, a major allergen of Dermatophagoides pteronyssinus, within 2 weeks in Sydney, Australia.
In contrast to most other parts of the world (2, 3, 6, 5) , Sydney is characterized by extremely high concentrations of Der p 1 [geometric mean 38.9 pg/g dust on mattresses and 22.4 pg/g dust on bedroom floors (8) ] and the absence of other HDM allergens.
Two recent studies have shown that the prevalence of allergic sensitization in children correlates with exposure to HDM allergen at concentrations far below these levels [0.1 pg Der p 1 + Der f 1 (a major allergen of D. faninae)lg carpet dust (3) or even lower (2] . Thus (10-M1? There are some other considerations of practical relevance that have not been addressed so far. First, the Australian study measured variability in 2-week intervals. This design might fail to detect long-term variations of exposure. Second, the allergen concentration in sampled dust might be massively "diluted" with allergen-free dirt from outside. Is the total sampled mass of allergen a measure of less variability? Finally, can the reliability be improved if sampling is always done by the same trained field worker rather than by residents following written instructions?
Answers to these questions should help improve methods of future field studies of HDM allergen exposure. For this purpose it is also useful to estimate how many samples are needed to compensate for the variability caused by influences that cannot easily be controlled by study design.
Methods Study Design
Variability ofsampling and dust extraction procedures. To describe the real variability of HDM exposure, it is necessary to assess the impact of laboratory procedures on total variability. Besides the variability of the assay itself (interassay and intra-assay variability; see "Laboratory Analysis") the influence of our sampling and dust extraction procedures on the variability of results was examined in a methodical study.
Sample pairs from six mattresses (both longitudinal halves) and six carpets (two squares of 1 m2) were collected at the same time. To evaluate the variability of the extraction procedure, each of these two samples and two additional single samples from two mattresses (n = 26) were divided into two to nine dust portions. These portions were analyzed separately, and the mean and the coefficient of variation (CV) were calculated for each set of portions. The mean was interpreted as the value of the whole original sample. The values of the two original samples collected at one site were then used to calculate CVs for sampling at the same site at the same time.
Long-term variability ofallergen concentration at the same site. We retrospectively analyzed dust samples from two field studies in which HDM allergen exposure was determined repeatedly (within 3-24 months). Study 1 was a study of immunotherapy (December 1993-May 1996, n = 28 mite allergic children), during which dust samples were taken from the carpets in the children's bedrooms and their mattresses at month 0, 3, 12, and 24 of the study. Study 2 was a cohort study (December 1994-February 1996, n = 101 non-mite-allergic infants), during which samples were acquired from mattresses and bedroom carpets within 4 weeks after the probands' birth and at the age of 6 months. Both studies were conducted after informed consent was obtained from all participants' parents for all study elements including analysis of house dust for indoor allergens.
The residents were asked whether they had taken actions that might affect allergen exposure (change of residence, change of carpets or bedding, encasing of mattresses or pillows). In case they had done so, samples before and after the interventions were not compared in our analysis. In addition, samples taken between August and November, a season with higher exposure (13, 14) 100. The smaller the variability at one site (the greater the correlation between repeated measurements), the closer the reliability is to 100%. Sample sizes were determined for the t-test (two independent groups of samples) and the paired t-test (paired samples) using given mean differences and the calculated variance components in tables for the two-tailed t-test with a significance level of ax = 0.05 and a power of 1 -v = 0.8 to detect a given effect (16) .
The significance of the differences in the CVs in study 1 and study 2 Figure 2 shows the variability of Der p 1 concentration at one site within 3-24 months as an example of the variability of both HDM allergens. Table 4 .
The CVs calculated separately for carpet samples from study 1 (residents) and study 2 (trained field workers) did not differ significandy (Table 5) . Mattress Table 3 ). This variability occurs anywhere in the clinically relevant concentration range above 0.1 pg/g dust.
We have analyzed how much of the observed variability is caused by variability in our method. The CVs for multiple extractions as well as for multiple sampling from one site at the same time did not exceed the variability of the laboratory procedure significantly [intra-assay and interassay CV of maximally 20% in our laboratory and others (1)]. The CVs for repeated sampling in the field studies are two-to fourfold higher. We conclude that the additional variability in our field studies must be caused by real variability at the examined homes (changing mite growth conditions, deaning patterns, visitors, weather-associated dirt transfer).
The design of our study excluded data from a season with higher exposure. We have probably analyzed a data set with lower values and smaller variability compared to data from all seasons. That means the high variability we estimated is probably an underestimation of the real variability of exposure. This variability is considerably higher than that in the Australian study (8) . This is not explained by the much lower concentrations in our region because our data (Fig. 1) The Australian investigators used a prefilter at the front of the vacuum cleaner to remove coarse particles, whereas in our ' The 95% Cl for the mean of n measurements is calculated by dividing the single determination range (SDR) of the measurement by the square root of n. The number In) of measurements required to reach a 95% Cl of a given magnitude (d) is calculated as follows: n = (1.96 * SDR2)1d2. (Tables 1 and 2 ). This indicates that, in addition to "dilution" effects by transport ofallergen-free dirt into the dwelling, the conditions for allergen production (mite growth) vary significandy even outside the "mite season."
A third possible explanation for the lower variability in the Australian study is that it evaluated repeated baseline measurements in the context of controlled trials of allergen avoidance. It is conceivable that during this period residents treat their carpets and mattresses in a more uniform and standardized way than when not participating in a study investigating primarily allergen exposure.
Der f 1 measurements showed a higher variability than Der p 1 measurements in mattresses but not in carpets. There is no obvious explanation for this observation, and it should be investigated further. Repeated samples from carpets did not show greater variability than samples from mattresses.
We did not find significant differences in the variability of results in study 1 (residents following written instructions) and study 2 (trained field workers). This indicates that dust sampling can be standardized sufficiently by written instructions if one takes into consideration the great overall variability of allergen exposure. This may facilitate future field studies. (Tables 5 and  6 ). Only factors with a strong impact would be detected with small samples. This may be the reason that in some studies the influence of theoretically plausible allergen avoidance measures could not be proven (17, 18) .
Measurments of mite allergen concentrations in settled dust are not a measurement of the allergen entering nose or lungs. HDM allergen concentrations in mattress dust correlate with airborne allergen measured in the dose vicinity of the bed (<1 m) but not at a greater distance (19) . Therefore, concentrations in mattress dust may closely indicate airway exposure during sleep. This may be of clinical relevance for the assessment of the risk of allergic sensitization in early life when the individual spends a great proportion of time in bed. In fact, allergic sensitization to HDM and asthma in 11-year-old children is related to HDM allergen exposure at 1 year of age but not to current exposure (4) .
During the day, airway exposure is much more determined by activity patterns that influence dust disturbance, vicinity to the floor, or inspiratory flow rate. The variability of allergen concentrations in settled dust may be a minor source of variability compared to these influences. Personal monitoring of allergen entering the airways would considerably improve exposure assessment. Techniques determining nasal HDM allergen exposure as well as the size of the partides on which allergen enters the airways have recently been presented in preliminary reports (20, 21 
